Summary. The aim of this study was to assess the effects of a 1-year intensified diet and exercise education regimen on habitual physical activity and aerobic capacity in middle-aged, obese patients with newly-diagnosed Type 2 (non-insulin-dependent) diabetes mellitus. In addition, we analysed whether the level and the changes in physical activity and aerobic capacity are related to the metabolic control of diabetes. After a 3-month basic education programme, 78 patients (45 men, 33 women) were randomly placed in an intervention or conventionally treated group. The intervention group received intensified diet education and continuous encouragement to increase physical activity which was monitored using exercise records and questionnaires. Aerobic capacity was assessed by measuring oxygen uptake at anaerobic threshold and at peak exercise. The proportion of patients with regular recreational exercise increased from 24 % to 38 % in the intervention men (0.10 < p < 0.20), remained at 54 % in the conventionally treated men, increased from 53 % to 70% in the intervention women (0.10 < p < 0.20) and from 31% to 50 % (0.10 <p < 0.20) in the conventionally treated women. No measurable improvement was found in oxygen uptake in any of the groups. When the groups were combined, HbAlc showed an inverse correlation with oxygen uptake at anaerobic threshold (r = -0.27, p < 0.01) and maximum oxygen uptake (r =-0.28, p < 0.01) at 12 months. The change in maximum oxygen uptake was linearly correlated with the change in HDL-cholesterol (r = 0.28,p < 0.01) and those patients with improved aerobic capacity (n = 37) had higher HDL-cholesterol level at the end of the study than those (n =41) with unaltered or decreased aerobic capacity (1.27 + 0.27 vs 1.12 _+ 0.25 mmol. 1-1, mean + SD;p < 0.05). In conclusion, in this long-term prospective study repeated encouragement and follow-up using exercise records was not sufficient to induce a significant increase in physical activity and an improvement in aerobic capacity in diabetic patients. Our results suggest, however, that high aerobic capacity is beneficial for glycaemic control, and on the other hand, even slight increase in aerobic capacity is associated with an increase in HDL-cholesterol level.
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Physical training is recommended as an adjunct therapy to diet in the management of Type 2 (non-insulin-dependent) diabetes mellitus [1, 2] . Recent reviews have pointed out the potential for exercise to improve insulin sensitivity, glucose tolerance and long-term glycaemic control measured by HbAlc in diabetic patients [3] [4] [5] [6] [7] [8] [9] . Furthermore, there are suggestive data showing that regular physical activity may induce favourable changes in serum lipid profile [10] [11] [12] . The benefits in clinical trials, however, have been quite modest from the clinical viewpoint.
Specific and detailed recommendations are available for prescribing exercise for diabetic patients, which suggest regular exercise (50-70 % of an individual's maximal oxygen uptake) at least three times a week with each session lasting 2045 min [13] . The goal of the training is to improve aerobic performance. However, it has been argued that the feasibility of exercise at this level is poor in the diabetic patients [14] . In patients with Type 2 diabetes the main problems are old age, overweight, orthopaedic problems and co-existing cardiovascular diseases which may hinder even moderate physical activity. So far, there are no larger studies available on habitual physical activity and the impact of diabetic education on it in patients with Type 2 diabetes. In addition, the possible synergistic effect of exercise and appropriate diet therapy in the long-term treatment of Type 2 diabetes in the clinical setting needs further evaluation.
This report is based on a randomised controlled trial which was carried out to assess whether intensified treat-ment including diet and exercise intervention would be more beneficial than conventional treatment in newlydiagnosed diabetic patients. This study setting gave us an opportunity to prospectively assess habitual physical activity and its relationship to aerobic capacity and metabolic control in these patients. Our study also provided information on whether Type 2 diabetic patients are compliant and willing to exercise according to the recommendations on a long-term basis. The detailed results on metabolic control and cardiovascular risk factors in respect to effectiveness of diet therapy will be reported elsewhere.
Subjects and methods

Subjects
community health centres regularly at 2-3 month intervals. This group visited the outpatient clinic at 6 and 12 months after the original grouping.
Schedule of measurements
At baseline (3 months prior to the study), the following examinations were done: medical history including data on medication, smoking, alcohol consumption and habitual physical activity [17] , anthropometric measurements, cardiopulmonary exercise test, fasting blood glucose, HbAlc, fasting plasma insulin and serum lipids; at the time of the group selection (0 months): presence of cardiovascular symptoms, body weight, cardiopulmonary exercise test, fasting blood glucose, HbA~c and serum lipids; and at the end of the study (12 months): medical history, cardiovascular symptoms, anthropometric measurements, cardiopulmonary exercise test, fasting blood glucose, HbA~c, fasting plasma insulin and serum lipids.
During the period 1987-1989, the physicians working in five rural and one urban health centres covering a total population of 130,000 inhabitants were asked to refer all 40-to 64-year old subjects with fasting venous blood glucose greater than 6.7 mmol/1 in repeated measurements for further evaluation. Altogether 108 subjects were originally reserved for the study, but seven of them did not fulfil the diagnostic criteria for Type 2 diabetes [15] , four had a chronic disease affecting glucose tolerance, seven were not willing to participate in the study and four left the study during the intervention phase. In addition, seven patients did not perform the exercise tests at 0 and 12 months due to various reasons and in one patient the respiratory gas exchange measurements were unreliable, and these patients were excluded from the present analyses as well.
The mean fasting blood glucose at the primary diagnosis of diabetes was 11.5 + 4.2 mmol.l-1 (mean • SD). During the two months delay from diagnosis to the baseline examination, the decrease in fasting blood glucose and body weight were 3.3• 4.0 mmol. 1-1 and 1.8 • 3.9 kg, respectively. The age and anthropometric data of the patients at baseline are shown in Table 1 . Fortytwo percent of the men and 58% of the women had hypertension. Ischaemic heart disease was present in 42% of the men and in 30% of the women, although only 18% of the men and 16% of the women reported having symptoms of angina pectoris [16] . One man was on glibenclamide therapy at baseline and four men and three women were at the end of the study. Forty-five percent of the patients were non-smokers, 37 % were ex-smokers and 18 % were current smokers. The study was approved by the Ethics Committee of Kuopio University Hospital. All patients gave oral informed consent before participating in the study.
Diet and exercise intervention
During the basic education programme all patients visited the outpatient clinic twice (at baseline and after 6 weeks) and received basic information concerning the potential benefits of physical activity. The dietary instructions included a reduction in the intake of total energy, total fat and dietary cholesterol.
After the group selection the physician gave printed and oral instructions for effective exercise training to every patient in the intervention group. Thereafter, physical activity was regularly monitored by daily exercise records. At each visit throughout the whole 12-month intervention phase the patients in the intervention group were encouraged to increase physical activity. No written individual instructions were used and no supervised exercise sessions were organised. The types of exercise proposed were walking, jogging, cycling, swimming or cross-country skiing. The goal was to increase the frequency of exercise sessions to 3M times a week, each lasting 30~50 min. The recommended mean heart rate during exercise sessions was 110-140 beats per min.
The goals of intensified diet education were weight reduction, normoglycaemia and correction of dyslipidaemias. The means of the diet therapy were individually planned energy restriction, restriction of the intake of total fat, and especially saturated fatty acids and dietary cholesterol, a moderate increment of unsaturated fatty acids and foods containing complex carbohydrates, especially soluble fibre. In addition, the target food habits were regular eating patterns and to moderate the amount of food consumed.
Study design
After a 3-month basic education programme patients were randomly placed in one of two groups for the comparison of intensified treatment (the intervention group) and standard treatment (the conventional treatment group). The intervention group was treated at the outpatient clinic of the Department of Medicine, Kuopio University Hospital. The conventional treatment group was treated at the community health centres that originally referred the patients to the study.
During the 12-month intervention phase the intervention group visited the outpatient clinic six times at 2-month intervals. At every visit they were seen by a physician, a dietitian and a nurse specialised in diabetes education. The physician was responsible for the general motivation and follow-up of the patient. The dietitian was responsible for the intensified diet education. The nurse was responsible for further patient education including the follow-up of metabolic control. The conventional treatment group was advised to visit the local
Classification of physical activity
For secondary analyses concerning the level and changes in physical activity during the intervention phase, the intervention and conventionally treated groups were combined, and thereafter, both men and women were divided into three groups by the level of physical activity at 12 months: (1) sedentary group (patients without regular occupational or recreational physical activities), (2)moderately exercising group (patients with moderate occupational and/or recreational physical activities) and (3) intensively exercising group (patients with heavy work and/or regular exercise training at least three times a week, each session lasting a minimum of 30 min).
Anthropometric measurements
Body weight was measured to the nearest 1.0 kg with an electric weighing machine (Seca, Model1708, Hamburg, FRG). Fat free body mass (FFM) was calculated according to the method of Durn- 
Results
Changes in habitual physical activity
Both occupational and recreational physical activities in each group are summarised in Table 2 . At the end of the study 22 % of the men (conventional treatment group 29%, intervention group 14%, NS) and 30% of the women (conventional treatment group 19 %, intervention group 41%, NS) reported that they had markedly increased recreational physical activity during the study. There were no differences in occupational and recreational physical activity between the groups at the -3 and 12 month examinations.
Cardiopulmonary exercise test
Cardiopulmonary exercise test was done as previously described [19] . Briefly, the exercise test was performed with a bicycle ergometer in an upright position until exhaustion [20] . During the test a 12-1ead ECG, blood pressure, heart rate, subjective symptoms and perceived exertion were recorded. Respiratory gas exchange was analysed continuously during the exercise test with a computerbased system (2001 Cad/Net Cardiopulmonary Exercise System, Medical Graphics Corp., Saint Paul, Minn., USA). Moving eightbreath averages from representative points were used for the data analysis. Peak values of oxygen uptake were used for maximum attainable oxygen uptake (VOz max). Anaerobic threshold (402 at)
was determined from the respiratory gas exchange data by using standard criteria [21] . The exercise test was omitted in the first 9 men and 12 women at-3 months baseline examination.
Biochemical determinations
All blood samples were taken between 07.30 hours and 09.00 hours after a 12-h overnight fast prior to the exercise test. The glucose oxidase method was used to measure blood glucose (Glucose Auto & Stat HGA-1120 analyzer, Daiichi Co, Kyoto, Japan). Commercial fast protein liquid chromatography (Pharmacia Fine Chemicals AB, Uppsala, Sweden) was used to measure HbAlc. Plasma insulin was analysed with the Phadeseph Insulin RIA 100 method (Pharmacia Diagnostica AB Uppsala, Sweden). Enzymatic methods were used for the determination of serum cholesterol and triglycerides (Monotest and Test-Combination, respectively, Boehringer Mannheim, Mannheim, FRG). HDL-cholesterol was determined after precipation with dextran sulphate and MgC12 [22] .
Statistical analysis
Repeated measures analysis of variance was used for orienting analyses. Thereafter, analysis of variance and Student's t-test were used to analyse differences between the groups in continuous variables. The chi-square test was used to analyse frequency distribution. The significance of the changes in each group were analysed by paired t-test in continuous variables, by McNemar's test in dichotomous variables and by a test of proportions based on standardised normal distribution in variables expressed as proportions [23] . Linear correlation coefficients and multiple regression procedures were used to analyse associations between continuous variables. Plasma insulin values were analysed after a logarithmic transformation. Differences were considered to be statistically significant if the p-value was less than 0.05. All results are expressed as mean + SD. All data were analysed with an IBM PC/AT compatible computer using the SPSS/PS + 3.1 statistical package (SPSS Inc., Chicago, IlL, USA).
Changes in body size and metabolic control
Significant decreases were observed during the basic education programme in body weight, fasting blood glucose and HbAlc but not in serum lipids in either the intervention or conventionally treated groups (Table 3) . During the intervention phase the intervention men continued to lose weight while the conventionally treated men gained weight ( Table 3 ). The intervention women was the only group to show continued improvement in fasting blood glucose and HbAlc. Fasting plasma insulin levels decreased and serum HDL-cholesterol levels increased significantly in the intervention men and women during the intervention phase. A significant decrease in serum triglycerides was observed in the intervention men. At 12 months the intervention women had lower HbA~c and serum cholesterol levels than the conventionally treated women.
Changes in aerobic capacity
There were no significant changes or differences in "Q02 at or "QO2 max between the intervention and conventional treatment groups in either sex at any of the three exercise tests irrespective of whether aerobic capacity was expressed in absolute values (1. min 1) or Table 2 . Distribution of occupational and recreational physical activity in the conventional treatment and intervention groups at baseline and at the end of the study (-3/12 months)
Men Women
ConvenInterConvenIntertional vention tional vention n =24 n =21 n =16 n = 17 
Occupational physical activity (%)
Changes in body composition, metabolic control, and respiratory gas exchange in relation to habitual physical activity
For the secondary analyses both men and women were divided into sedentary, moderately active and intensively exercising groups (see Classification of physical activity). There were no differences between these groups in age, use of cardiovascular drugs or distribution in the intervention or conventional treatment groups. In men, the intensively exercising group improved VO2 at from 1.31 +0.23 to 1.53 +0.33 1.min -1 (p < 0.01) during the intervention phase, but no improvement was observed in 902 max. None of the groups showed significant improvement of metabolic control and no differences were observed in metabolic control between the three groups at 12 months (Table 4 ). In women, none of the groups showed any improvement in aerobic capacity during the intervention phase. The moderately exercising group of women showed a significant decline in fasting blood glucose levels from 7.6 + 3.0 to 6.5 + 0.9 mmol. 1-1 (p < 0.05) during the intervention phase, but no significant differences were observed between the groups at 12 months (Table 4) .
Correlations between aerobic function and metabolic control
In men, 902 at (r = 0.30,p < 0.05) and 902 max (r = 0.36, p <0.01) were inversely correlated with HbAlc at 12 months, but not a 0 months. In women, the correlation between aerobic capacity and glycaemic control was lower, and this association was not found in the intervention women, whose blood glucose levels .were almost normalised at this stage. 902 at/FFM and VO2 max/FFM in relation to HbAlc at 12 months are shown in Figure 1 . The change in aerobic capacity and the change in HbAic were not correlated in either sex.
No correlation was observed between aerobic power and serum lipids at any of the examinations. However, those patients who showed an increase in 902 max during the intervention phase (n = 37, men and women combined) had higher HDL-cholesterol levels at 12 months than those (n =41) who had decreased 902max (1.27 _+ 0.27 vs 1.12 + 0.25 mmol. 1-1, p < 0.05). This difference could not be explained by smoking habits. The improvement in VO2 max was linearly correlated with the increase in HDL-cholesterol (Fig. 2) . This correlation was significant in men (r = 0.33, p < 0.05), but not in women (r = 0.13). In a multiple regression model including the changes in 902 max, body weight, fasting blood glucose and serum insulin as independent variables and sexes combined, the only significant variables explaining the variance of the change in HDL-cholesterol were fasting blood glucose and 902max (r 2=0.17, F=7.56, p _< 0.001). Table 4 . Body mass index, metabolic control and aerobic capacity in relation to habitual physical activity at the end of the study (12 In women, both 902 at/FFM (r = 4).34, p < 0.05) and 902 max/FFM (r = -0.36, p < 0.05) were inversely correlated with body weight at the end of the study suggesting an adverse effect of obesity on aerobic capacity. In men, such a relationship could not be demonstrated at any of the examinations.
Discussion
The main findings of the present study were: (1) repeated encouragement to increase physical activity and follow-up by exercise records was not sufficient to induce an improvement in 902 max in newly-diagnosed diabetic patients during a 12-month period; (2) a significant inverse correlation between HbAlc and aerobic capacity; and (3) an association between the changes of aerobic capacity and HDL-cholesterol independent of the change in body weight or metabolic control.
The strategy we chose to increase physical activity in the intervention group (i. e. close follow-up with daily exercise records without organised and supervised exercise sessions) is the way that was believed to be the most suitable and cost-effective for the clinical practice. It can be speculated that in the intervention group exercise received less relative attention than diet, and that the reverse could be true of the conventionally treated group for which no dietitians participated in the treatment. This could explain in part why no differences were found in recreational physical activity between the conventionally treated and intervention groups at the end of the study.
Numerous clinical studies in diabetic subjects have demonstrated that supervised, intensive training improves aerobic capacity. The problem, however, is the feasibility of such training in the long-term [14] . A recent large prospective study reported that only 20-30 % of the diabetic patients continued taking part in organised exercise training after 2 years [24] . These findings, and also our results show that the main problem in exercise training in diabetic patients is motivation and compliance with instructions. In diabetic subjects, the main hindrances for effective exercise training are linked to obesity and cardiovascular morbidity. It is likely that those instructions for exercise training which have been made for healthy subjects are not well-suited or sufficient for diabetic patients. Individualised instructions could be more effective to increase physical exercise in these patients. In the clinical practice, this could mean more widespread use of exercise physiologists..
Although VO2 max did not show any improvement in the present study, some .improvement was observed in 902 at. It is possible that VOR at is more sensitive in detecting small changes in aerobic performance than VOR max in diabeticpatients. In previous studies concerning the potential benefits of exercise in Type 2 diabetes the only clear criterion for effective training was improved 902 max, but HbAIr (%)
.Pig.1. HbA~c in relation to VO2at/FFM (r =0.27, p <0.01) and VO2 max/FFM (r = 0.28,p < 0.01) at 12 months in the study population (n = 78). Correlation lines with 95 % confidence intervals are shown none of these studies have evaluated changes in 902 at. 902 at could also be useful in planning individual exercise programmes for diabetic patients [25] . In the present study, a significant inverse correlation between aerobic function and HbAlc was observed, but the decrease in HbAlc was not related to the change in aerobic capacity. In contrast, the change in aerobic capacity showed a linear correlation with the increase in HDLcholesterol independent of metabolic control. These findings suggest that both the level of aerobic capacity and the changes in it should be evaluated when assessing possible benefits of exercise in Type 2 diabetes.
Some studies have demonstrated that exercise training decreases HbAI~ levels [26] [27] [28] , but no inverse linear correlation has been previously reported between HbAlc and aerobic capacity. The blood glucose lowering effect of exercise is largely due to the cumulative effects of single exercise bouts [4, 6, 7, 9] . The interaction between glycaemic control and aerobic capacity may, however, be more complex because it has been suggested that lowered VO2 at in diabetic subjects is due to a high HbA~ level through increased oxygen affinity [25] . It is also possible that improved glycaemic control per se may improve 345 aerobic function as shown previously by our group [19] . In the present study, the intervention women with almost normal blood glucose levels showed no correlation between HbAlc and aerobic capacity at 12 months. Thus, the inverse correlation between HbAlc may be limited to moderate hyperglycaemia.
The improvement in HDL-cholesterol was related both to the changes in blood glucose level and aerobic capacity in the present study, but not to the reduction in body weight. Elsewhere, it has been shown that weight reduction achieved by very-low-calorie diet induces an elevation in HDL-cholesterol in Type 2 diabetes [29] . Few studies have previously suggested that exercise improves serum lipid profile in Type 2 diabetes [10] [11] [12] . However, it has been speculated that the most important impact of exercise in Type 2 diabetes is the beneficial effect on cardiovascular risk factors [6, 8] . Recently, a study on obese healthy subjects showed that combined diet and exercise training resulted in a significantly higher increase in HDLcholesterol than diet alone [30] .
In conclusion, there was no improvement in 902 max among newly-diagnosed patients with Type 2 diabetes after a 12-month diet and exercise programme. However, the inverse relationship observed between aerobic capacity and HbAlc, and the linear correlation between an improved aerobic capacity and increased HDL-cholesterol, suggest that regular physical activity resulting in an improved aerobic capacity is beneficial for these patients. 
